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Glossary and index 


Water may be the most 
Common compound in the 


universe. The Earth has 369 million 


trillion gallons of the stuff, which works 


out to about 97 billion gallons for every Person 


alive. If you filled a balloon with all the Earth’s water, it 
would be about a third the diameter of the 
Moon Some comes from 
COMETS. which have 
sprinkled their water into the 


Larth’s atmosphere over billions of years. 


Some of our water comes from ‘7et rOCKS” beneath the 
Earth’s surface, whose moisture is released by 
volcanoes as S1CQM. Luckily for us, the Earth is just the 
right distance from the Sun for water to be liquid. If 


we were any nearer or farther, the oceans would boil or 


@ 
freeze, and life couldn’t exist. Life on Earth probably 
Water baby 
, Ae ; A human being is an 
began in the OCEANS and all living organisms are as 

; aquatic animal for the 
/ first nine months of its life, 

ays a oll Leen Z Zee Ae ells SA) a 
based on saltwater. Human beings are mostly @UQLE/, with whanutlwestmercee 


of saltwater inside its 


a few other things thrown in. We are directly “mother’s womb. 


~ descended from FISH. which first walked 


© ideal homes: sea 


‘e views guaranteed 


hat lives in the 
open ocean? 
* Herring 
and people love to eat 


predatory fi 


+ Sardines: this is where 
_ they hang out before being 
ea can. 
Wie: ea? the herrings and 
nen they get 
narks and people. 


a popular game 

by humans. 

» Dolphins: hunt in pods 

in the open ocean. 

* Sharks: live in every ocear 
of the world. 

/ * Whales: where el 

animals this big i 


elp koteats 


These are like tropical jungles on land, but instead of trees, 
giant seaweeds grow up toward the hght. Fish find a safe 
haven among the fronds. Marine otters wrap themselves 


in kelp then nap without drifiing away. It’s a d sh 


environment, although chilly, 


\\ hat lives in the 
kelp forest? 
«Sea u 
the forest, th 


7 still make holes 
er plants. 


hee +t} LAT, 
ais; these gar 


e in swarms 


sobbling up 


Sea creatures set up home in all kinds of 
underwater places. Here are four of their 
favorite aquatic habitats. 


nd bottom of the world are the i icy waters of the The colorful coral reefs are full of cracks and crevices 
nd Southern oceans. Here, sea ice provides platforms where fish can hide. Corals come in all shapes and sizes. 
ins or polar bears. Amazingly, these cold waters Some look like trees, others like lettuces, dinner plates, 
life, and in recent years os have discovered or fans. There are even round, crinkly corals that 
ds of new animals. look like a human brain. 


hat lives in cold 
polar seas? 


* Krill: these tiny crustaceans 
are yacuumed up in 
bucketloads by whales, 

and fish. 

* Polar bears: can swim across 
open water to find food. 

* Giant sea spiders: the 
eight-legged creature 

to the size of dinner plates. 

* Penguins: spend as much 


time in the water as on the ice. 


They “fly” underwater. 
* Sea cucumbers: these 
squishy creatures love the 

ld, dark seabed. 

Walcuses: use their tusks to 
haul themselves on to the ice. 


WY hat lives on a 


coral reef? 
* Sharks; patroi the reef; 
looking for their next meal. ,4 
« Sea anemones: these 
pretty sea “flowers” spread 
out long tentacles to trap prey. 
Starfish: some of them 
gobble up the coral and 
damage the reef. 


* Clownfish: these 


«Fan worms: with their 
stony tubes, they are often 


mistaken for coral. 


* Octopuses: these 
soft-bodied creatures hide 


in gaps in the reef 


mF Re RG va 
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sea bristle worms 
All anemones 


animals on 
Earth fall into two 
categories—those without backbones, 
called invertebrates, and 
those with backbones, called 
vertebrates. Within these 


ries ere are further or e e 
categories there are further groups. swimming flatworms 


The many and varied creatures j ellyfish 
in the ocean fit into 


these groups. 


calcareous 


The 


invertebrates 
far outnumber the 
vertebrates—there could be 
up to 15 million species. 
There are 33 major groups 
but here are some of the 
best-known ones. 


SPONGES CNIDARIANS WORMS 


Invertebrates... 


Mammals such as 


7 whales, dolphins, 
WN OY \ seals, and walruses 


clams, oysters, brittle 
and p-ollope stars 


marine 
insects 


sea slugs 
and snails 


shrimp, crabs, 
and lobsters 


octopuses, 
squid, and 
cuttlefish 


sea spiders 
y vertebrates 


are the biggest 
creatures in the 


ocean. 


ARTHROPODS MOLLUSKS ECHINODERMS_ 
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a aul more nore Invertebrates... — _— 
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What 1 7 

The earliest fish appeared on Earth 

more than 460 million years ago. 

‘They were the first-ever animals 

with backbones. Compared to Q 


fish, humans are a recent arrival! 
There are some 25,000 different 
types, or species, of fish. 
Streamlined, slithery, and 

scaly, they are tailor-made for 


a watery lifestyle. Flaps cover 
the gills 


Checklist for a 


¢ Gills The fishy equivalent of lungs. They are 
thin sheets of tissue, full of blood vessels, that 
extract oxygen from the water. 

¢ Scales A fish’s wetsuit. These small plates, 
made of very thin bone, help to waterproof 
the fish’s body. 

¢ Fins Steering aids. Fins (especially if spiked) 
may also be used for protection. Some come 
in pairs, others are single. 

* Cold blood Most fish stay the same 
temperature as the water surrounding them. 

¢ Internal skeleton In sharks and rays, this is 
made of a tissue called cartilage. Other fish 
have skeletons of bone. 


Do fish drink? 


Sea fish drink a lot but 

excrete most of the salt. 

Freshwater fish absorb 

water through 

their skin, mouth, os — 

and gills. —= FA 5 
ee Size surprise 


As a group of animals, fish “ow ee 

astonishing variation in size. The biggest 

is the 50 ft (15 m) whale shark. One of 

the tiniest is the stout infantfish, just STOUT 
Yin (7 mm) long. INFANTFISH 


It’s muscle power that enables a fish to swi 


a fish moves, a continuous ripple runs through DOGFISH 
muscles alongside its spine. This c the fish’s 

tail to waggle, which pushes the fish through the 

water as if it were driven by a paddle. The fins 

help with steering and braking. Some fish can 

do a reverse ripple and swim b 
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‘This 
is NOT a 
fish. ws it’sa 


mammal 


It’s easy to forget that some of the animals 


that swim in the sea are mammals, more 


closely related to human beings than to the 


fish on which they often prey. Marine 
mammals include whales, seals, sea lions, 
dugongs, and manatees. All these animals 
give birth to live young and suckle their 


young on milk. 


Take a close look. Whales 

don’t even swim like fish. 

A fish moves forward through the water by 

flexing its tail from side to side. Marine mammals 
(those with tails) use an up and down movement to 
propel themselves through the water. 


Checklist for a mammal 


* Born live Mammals give birth to live young. 

¢ Internal skeleton A strong, bony skeleton provides 
a perfect framework for the body. 

¢ Suckling The young are suckled on their mother’s 
milk in the first months of life. 

¢ Lungs Mammals breathe air, so marine mammals 
must come to the surface regularly. 

¢ Warm-blooded Food is used to supply energy to keep 
a mammal’s body warmer than the surrounding sea. 

¢ Parental care Mammals care for their young for 
a long time after birth. 
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Dolphins and ponpotses 
These ave snd, foothed whales. 


Most live nm the ocean, bul some 
, hive tn freshwater. 
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A whale can 
click and... 


xO Whale song 
Whales and 


eee 
for we dolphins are noisy 
creatures. Each animal 
may create a unique sound 
that it develops soon after birth. 
Whistles are used to “talk” to other 
whales and dolphins, and sometimes 
to locate a mate. The sound travels a 
long way in the ocean depths. 


Dolphins find their 
way around, and 
locate prey, by using 
clicks and echoes. This 

is called echolocation, 
and it’s incredibly 
effective. (It’s similar to the way 
bats find their way around dark 
caves.) Using echolocation, a 
dolphin can tell not only the 
location of an object, but its 


size and shape as well. 


I can see you! 

As a dolphin swims, it sends out clicks 
that move through the water as 
vibrating waves. If something is 
swimming near a dolphin, it will block 
some of these waves and bounce 
them back. The dolphin hears these. 


A ball of waxy tissue Blowhole 
called the melon focuses 

clicks that are made in 

the nasal passages. —_— Nasal passage 


Outgoing sounds 


Returning waves travel ~~ 
through the dolphin’s jaw to its ear. 


SIVA FAC'LTS and SEATS 


SHARKS have all the same 
senses as human beings, and 
one that we dont have, giving 
them a distinct advantage 

in the water. 


Sq \ 
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The fastest shark is a SHORTFIN J 
MAKO, which can reach speeds 
of up to 60 mph (97 kph). 


duce their own antibiotic, which 
them against bacterial 
and fungal infections: 


A shark has Sharks pro 

a sixth sense protects 
that it uses to 

eu detect electrical fields. 

Ww All living things give out weak 

electrical signals, and the shark 

has tiny jelly-filled canals on its 


lal 
Lu snout that can detect them. f 
Since boat engines and 


propellers emit these signals, 
too, sharks occasionally 
mistake these for prey—and attack! More 


ee 


ae 


Many sharks lose 


usually though, hammerheads use their sixth 

sense to find fish hidden in the sand on the between 8,000 
seafloor. Most sharks use it to home in on their and 20,000 
prey when they're getting near enough to bite. teeth in 


a lifetime. 


The whale shark is the biggest shark of all. A fully grown 
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All the lowdown on the biggest fish in the ocean... 


vISION 


Most sharks have good eyesight and some 
can see in color. Many have large eyes that help 
%, collect light in the dim conditions under water. 
% All sharks have eyelids, but they can’t close them. 
ee Instead, certain sharks have membranes that slide 
c) over to protect their eyes from thrashing fish 
- during feeding. The great white rolls its eyeballs 
Reperay < around their sockets just before it bites 
~v me, prey, so at that moment it 
has to rely on other 
ie skin and will senses. 
fe: ING or aivn 
ment | rough, i a ; ie 
INDO; eclal 
Lateral line / Prpoint an Object “a 
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specimen can reach 50 ft (15 m), which is longer than a bus. 


The ability of sharks to detect a drop 
of blood from miles away is a bit of an 
exaggeration, but they can still detect 
fishy smells within several hundred 
yards. Sharks have a pair of nostrils 
under their snouts. As they move, 
water flows through the nostrils. When 
the shark picks up a scent it moves its 
head from side to side until it finds the 
direction the smell is coming from. 

Sharks also use this 
f = sense to find a 


Ke \ mate, and may 
‘ 6 even use it to 
& -amr.- navigate. 


Dogfish 


Shark’s skin 


AKES WAVES 


A tight-fitting suit helps 
an Olympic swimmer such as 
Gary Hall Jr. to swim fast... but 


the tight fit is not the only secret. 


Magnified shark’s skin reveals 
its structure of tiny ridges called 
dermal denticles. They help the 
shark glide through the water with 
little resistance, because the water 
flows around each ridge without 
swirling, and so reduces drag. 


A close-up of the 
fastsuit fabric shows 
how it is woven in 
ridges similar to 
those of shark’s 
skin. Manufacturers 
claim that these 
suits increase speed 
by three percent. 


The fastest sharks can swim at speeds more than 
10 times those of an Olympic athlete, and of 
course we will never be able to match them. In 
the quest for speedier swimming, however, a 
little help is available in the form of an 

amazing new swimsuit, called the “fastsuit.” 


Using new technology based on the study of shark 
skin, it’s made from special material that helps 
swimmers to slip swiftly through the water. 
Wearing this suit may shave just a second or two 
off a swimmer’s time, but that could be the tiny 
difference that wins a race. 


Some yachts are now using 
paint on their hulls that is also 
based on shark-skin technology. 
It has the added advantage of 
making it more difficult for 
algae and barnacles to get a 
grip on the hull. 


There are two types of whale: 


‘Those ‘Those 
with without 
teeth teeth 


Of fu 
VIIG fs). 


A massive blue whale needs lots to eat 
to stay healthy. It scoops up vast amounts 
of water, from which it filters out tiny fish 


and shrimplike creatures called krill. Inside 
its mouth are long fringes called baleen, 
which act as a strainer. A blue whale’s 
baleen can filter out up to 8,000 Ib 
(3,600 kg) of krill a day. 


WONDERS 


Feeding time 


To feed, a whale opens its mouth and scoops up a mouthful of 
water. Then it closes its mouth almost completely and pushes 
out the water, through the baleen, with its tongue. Any krill 
and fish in the water are trapped by the baleen and swallowed. 


No wonder krill is the 
most abundant animal on 
the planet. Twice a year, 


Fish food 


A blue whale eats 
4 million krill 
every day during 
the summer 
feeding season. 


female krill lay around 
2,500 eggs each. YUM! 


The fin whale, like all 
rorquals, is a fast-feeder 
with a big appetite. It can 
take in enough water and 
krill to fill an average 
truck in barely 6 seconds. 
Imagine how big its mouth 
is, if it holds all of that. 


O-1 trucks in 6 seconds! 


Let’s look at baleen 


Baleen is made up of rows of bony 


Types of baleen feeders: 


plates, each with a hairy fringe to 
trap krill and other prey. These 
plates can be as long as 14 ft (4m). 


Seme whales have up to 700 hanging 
from eaGhsside.of their upper jaws. 


Northern 
right whale 


Bowhead and nght 
whales—slow-movers 


Sei whale 


Gray whales—unlike 
the others, these feed 


Rorquals—fast-movers 
that zoom in on their 


14 ft (4 m) 


with huge heads. ‘They 
spend most of their 
time drifting around 
with their mouths open, 
ready to scoop up prey. 


prey. Their throats can 
expand to take up great 
gulps of water. They 
include humpback and 
minke whales. 


mainly on the seabed, 
taking in mouthfuls 
of mud from which 
they filter out shrimp, 
starfish, and worms. 
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of them all? 


Deep down in the dark ocean, there’s no need 
to be beautiful, which is a good thing if nature 
short-changed you in the looks department. 
We've made our top three choices in this 
underwater ugly pageant—now it’s 
your turn to judge. 


No dentist could help this toothy creature— 
its fangs are so huge, they can’t fit inside its 
gaping, glowing mouth. 


This contestant is not only ugly, 
but it’s nasty, too—it_ has 
poisonous spines along its back. 
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Leer crere 


A gruesome mouth, with nostril 
flaps above, give the ribbon eel 
a scary mug. 


i 


Pm much uglier than 
they are—just 


look at my nose! 


Pe 
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All the makeup in the world wouldn’t enhance this hopeful’s 
charm, even on the dark ocean floor where it lives. 


This lumpy, spotted, 


wart-covered creature lives in the 


«<4 €CCSCeerem 


shallow water above coral reefs. 


With a huge mouth at the end of a long, tapering body, 
this eel lacks pleasing proportions. 


hy hg pea 


The ability to produce goo all 
There’s no point in this challenger toning up his muscles— over its body gives this entry its 
most are like jelly. His body is like a squishy soccer ball. other alluring name: slime eel. 
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Ocean Creatures live in many 


unusual places. 


- Salmon’s skin 
*  _Hangers-on cause 
H infections and even the iy 
: death of the salmon. 
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Coral reef 
Teeming with life, the reef *. 
provides food and shelter. 


HERMIT CRAB j 
| move toa new home _.": 
“s. *s, every time | grow. +” 
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- Whale’s skin“, 
Hitchhikers holdon = + 
tight, gathering food 

from the water. : 
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BARNACLE 
My home is huge and ae 
always on the move. tT ney 
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Can you match these creatures to 
their homes? _.. 
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~ Empty shell 
* This hard casing 
: protects its occupant’s 
soft abdomen. 


LUGWORM % 


| dig to make my home. 


SEA DRAGON 
My home is a great ? Se 5 
hiding place. ae | eee 


eovsseegatesee 
pel a re tn eC Oe 
e 


Geese, gS gexel —)) ZA FISHLOUSE : 
fed | travel upriver, . 
feeding on my 


- Sandy burrow 
Burrowers leave 
behind piles of sand 
on the surface as they 
make deep holes. 


Sea grass 
Creatures are hard 


to find among these 
long, wavy plants. 


EMPEROR ANGEL FISH 


My home is in warm waters. 


FUELING the NATION 


People have been killing and eating whales since prehistoric 


times. But between the 17th and 19th centuries whaling was a huge, 
multinational industry, and thousands of whales were killed each year. 
The reason? Oil from whales was a vital fuel, used in industry and to 
light people’s homes. As a result, by the beginning of the 20th century 


some whale species had been hunted to the brink of extinction. 


How to catch a whale 


By the 19th century, hundreds of whaling ships were sailing the oceans for months on end in 
pursuit of sperm and right whales. When they spotted a whale, a team of men would set off 
from the main ship in a rowboat. They chased the whale and killed it with a harpoon attached 
to a rope, then towed its body back to their ship. A grisly process, 


called “cutting in,” would then begin. The whale was cut up, 
and the blubber was peeled off in long strips and boiled 

in cauldrons, called try pots, 
to make whale oil. 


- 


—_” 
Umbrella 


frames 


The man who saved whales 
In 1846, Abraham Gesner developed a process 


for refining a new liquid fuel, called kerosene, 
from coal. Kerosene became cheaper than 
whale oil and burned cleaner in lamps. 
Within 30 years it had largely replaced 
whale oil as a fuel. Whaling fleets 


became reduced in size, and 


thousands of whales Ss 4 
were saved. Tae 


Hairbrushes 
and combs 
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Oil, anyone? 

John R. Jewitt was an Englishman who was held captive by the Nootka 
~ people on the northwest coast of North America from 1802 to 1805. j y Y 
In his memoir, he described how the Nootka would use “train oil” 

(whale oil) as a seasoning on their food—even on strawberries. 


Train oil 
Confusingly, whale 
oil was known as “train 
oil,” but it had nothing 
to do with trains. The 
name came from an 
old Dutch word, 
meaning “tear.” 


It was used 
in soap. 


Whale oil The most important 
whale oil in the 19th century was 
taken from the head of sperm 
whales. It was widely used. 


Meat or blubber BLU 
was eaten by Inuit and other oF B 
northern peoples. It is still a Rg —e 8p 


popular food in Japan today. 


It was. burned 
It was made into candles. in-lamps: 


Baleen whales, such 

as the bowhead and right 
whale, were hunted for the 
baleen plates in their mouths. 


Ambergris is a dark 
waxy substance produced 
in the intestine of the 
sperm whale. In the 19th 
century it was used to 
make expensive perfumes. 


Stiff 
brushes 
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inside.shel] 


Creatures with soft bodies need protection to prevent them from 

being injured by other animals. Some have developed stings or 

poisonous skin to keep from being eaten. Others have grown hard, 

impenetrable shells. When danger threatens, they pull all their soft ° 
parts back inside the shell and slam the door shut. 


% Scallop 


Ocelli Foot Hinge ligament Palps 
The tiny eyes can Allows the scallop to This holds the two These sort out food particles 
detect light and dark. , crawl along the seabed. , , shell-parts apart. and pass them to the mouth. 


on _- Digestive gland 
Eka ola w a Digests food taken 


These regulate water in by the palps. 


flow in and out of \ ry j oe 
the scallop. \ \ = ¥ 
x \ : ™ a _- Heart 


The heart pumps 
blood to the 
scallop’s tissues 
and gills. 


Guard 
tentacles 
They warn the 
scallop that it’s 
time to escape. 


*s, Muscle 
One muscle closes 
the shell quickly 


Pa and another holds 
we it shut for long 
id . + 

Ovary.” periods of time. 
Where eggs are v 
produced. They va \ 
are then shed Gills “ Kidneys | | Mantle fold \ Intestines 
into the water These take oxygen from the These extract waste A fold of skin that Waste food passes along this 
and fertilized. water and filter food particles. products from the blood. surrounds the soft body. tube before it is expelled. 


Humans have internal skeletons, 
which leave the skin and muscles at 
risk of damage. During battles over 
the centuries, people have tried to 
protect themselves. Medieval knights 
wore heavy metal suits of armor, 


which made them look like huge 
30 metal lobsters. 


Scallop at the gallop 

Scallops, mussels, and clams are bivalve 
mollusks. They have two shell-parts that 

are hinged together, but scallops can never 
completely close their shells. Although they 
prefer to stay on the seabed, scallops can swim 
by vigorously squirting water out through their 
shell-parts and clapping the parts together. 


Radial nerve 


This nerve passes 
instructions to the 
feet and spines. 


Urchin shell 
The shell is 
made up of hard 
interlocking plates. 


Tube feet al 
Each foot ends in a 
sucker to help grip 
on to surfaces. 


Muscle 


The muscles operate 
the movement of the 
teeth while grazing. 


Nautilus 


Tentacles 


There are up to 90 sticky 
tentacles arranged in rows. 


tentacles 
These pass 
food to the 
mouth. 


yA 
oie 
oo 
Funnel .“ 
Water is pushed out 
of the funnel and 
propels the nautilus.“ 


backward. a 


ra 


wi 
Tongue .” 
This is covered with a 
number of small teeth. 


—. Prickly customer 


use to move along the seabed. The mouth is 
on the underside of the shell. Urchins also have 
tiny poison pincers between their spines. 


Sieve plate 
Seawater is drawn 
in here to maintain 
internal pressure. 


. Rectum 
Waste material passes 
along here and leaves 
through the anus. 


Canal complex 
This canal connects 
the circulatory system 
with the sieve plate. 


Ring canal 

This is filled with fluid 
and carries substances 
around the body. 


Spines 

These can move 
through a ball-and- 
socket joint. 
2. Teoth 

Urchins have five 
teeth that keep 
on growing. 


Mouth 
This is under 
the shell. 


“~.. Intestine 
Food is 
digested here. 


Hood 
This covers the entrance 
when the nautilus draws 


; back into its shell. 
> 
' 


Empty chamber 
As the nautilus 
grows, the old body 
chamber is sealed 
and filled with gas. 


Siphuncle 

This regulates the 
amount of gas in 
the chambers. 


Gonads 

These contain 
either male or 
female reproductive 
organs. 


Crop 

Food is stored here 
before it enters the 
stomach. 


Heart 
This pumps blood 
around the nautilus. 


Intestine 

Food is digested 
here or passed on 
to be expelled. 


Gills 
These take oxygen 
out of water drawn 
in by the funnel. 


Removes waste 
products from 
the blood. 


Digestive gland ~~ 
Food is broken 
down here. 


Rooms to rent 

A nautilus lives in a spiral shell that is 

divided into many chambers. Its body 
occupies only the outer chamber. As it 
grows bigger, a new chamber is added 

on. The old chambers are filled 

with gas, which helps the nautilus to float. The nautilus 
swims by jet propulsion, but can only go backward. 


Spines are a good way to stop something 

from nibbling you, and sea urchins are 

well-equipped. Between the spines, sea 
urchins have rows of tube feet, which they 
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What’s inside a fis | 


All fish have an internal skeleton, similar to 
ours. Most fish, including cod and goldfish, 
have a bone skeleton. In sharks and rays the 
skeleton is made of cartilage, which is 
lighter and more flexible. 
Dorsal fin 


This stabilizes the 
fish as it swims. 


Fin skeleton 
This secondary skeleton 
supports the fins. 


Upper jaw Gill flap 
The teeth on the This protects 7 ty 
upper jaw can the soft gills a 


extend to the edge 
of the mouth. 


inside the head. 


or ~o-¢4 =e 
a 
Skull 
This protects wa. 
the brain. 9 hag 


Pectoral fin 

This is used for steering, 
braking, and tilting, and 
to swim upward or 
backward. 


Lower jaw 
This acts as a chin 
and supports the 
lower teeth. 


Lower fin skeleton 
This supports the fins 
underneath the fish. 


wim in a series 


same direction. 


Second 


These help the fish 
to turn quickly. 


Eye 

Most fish have good 
eyesight and many 
can see colors. 


dorsal fin 


Backbone 
~ - 
—s - 
: — 
a 
> Sag 
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Front anal fin 
This is used to 

stabilize the fish 
while swimming. 


se 


the fish forw 
the same time. 


Brain Spinal cord 
This coordinates signals from 
the sense organs and tells the 
body how to react. 


The gills are thin 
membranes that 
have a rich blood 
supply. They 

absorb oxygen 
from the water. 


Heart 
The heart pumps 
blood to the gills, 
from where it is 
circulated around adjust the 

the rest of the body. amount of gas 


; _—" this contains, 
a” __— __ Soft-rayed dorsal fin allowing them 
™ Not all fish have a second to float without 
“Ws or third dorsal fin. using their fins. 


Swim bladder 
Bony fish can 


Caudal fin 
The tail fin acts 
as a rudder. 


Rear anal fin 
Some fish have Tail 
only one anal fin. vertebrae 


The fish then begins to 
move its head the other 
way, starting a new wave 
along its body. 


Gills Kidney 
Removes unwanted 
substances from 

the blood. 


This runs through the backbone 
and sends messages from the 
brain to the muscles and organs. 


Lateral line 

This line of fluid-filled 
cells helps the fish 
detect movements 

in the water. 


Muscle 

Solid and powerful 
muscles help the 
fish swim against 
strong currents. 


Fish inside out 


Most of a fish’s internal organs 
are in the lower half of its 
body. The rest is dense muscle, 
which powers the fish through 
the water. Its body and fins are 
covered in a tough but flexible 
skin. The skin is then covered 
in a protective layer of scales. 


Intestines 

Food passes into 
the stomach and 
then into the 
intestines, which 
is where nutrients 
are absorbed into 
the blood. 


Ovary 

Female fish 
produce their 
eggs here, ready 
for shedding 
into the water 
to be fertilized 
by a male fish. 


Breathing under water ails 


Fish get the oxygen they need by 
gulping in water and pushing it over 
their gills. The gills take oxygen out of 
the water and release carbon dioxide 
back into it. The water then flows out 
through flaps on the fish’s head. 


Water 


Gill flap 


The fish flicks its tail to follow the 
direction of the head, pushing 
the fish forward, ready for the 
next change of direction. 


Pacific salmon, whiéh include the 
Chinook salmon, hold the grand 
title of “anadromous fish.” This 
means they make a remarkable 


journey during their lifetime. 
Though born in freshwater rivers 


and streams, as they grow up they 
travel to the ocean to live, only 
to make the whole perilous 
journey back again to their 
birthplace to breed between 

two and seven years later. 


ALASKA 


CANADA 


BRITISH COLUMBIA 


Columbia 


River 


DID YOU KNOW... ? 
> Salmon are about 4 in (10 cm) 
long when they leave their home 
Vhen they return, they can be 
5 ft (1.5 m) and weigh 
as much as 126 lb (57 kg)! 
Salmon travel long distances in 
their lifetimes. One Chinook salmon 
was recorded as traveling 3,500 miles 
(5,630 km). 
Chinook salmon are also called king 


salmon because of their immense size. 


I'm a female Chinook salmon. Now that | am mature, 
| am ready to travel the long distance home with the rest of the salmon to 
spawn (lay eggs and have them fertilized). No one knows how we find our way 
back—the ocean currents, the stars, the Sun, the Earth’s magnetic field, our 
keen sense of smell? We just know we must return. 


Once | reach the mouth of the river, 

| use my stored-up energy to swim against 
the current—no time to stop and eat any 
more. My scales darken now that I’m in 
freshwater, although male scales brighten. 
Fishermen gather here waiting to pounce. 
A hook gets me, but | twist and leap until 
I'm free. Some are not so lucky... 


Amazingly, | still have enough 
energy to leap up rapids with 
a flick of my powerful tail. At 
the top, bears lie in wait for 
us. They may only take one 
bite out of a fish before 
discarding it for another. 
Danger comes from eagles, 
too—they swoop down 

as we leap and 

carry us off. 


I'm exhausted when | arrive home. | pick the place for my nest (redd) 
carefully. | need a pool where there are rocks to hide behind, rippling water 
to provide oxygen for my brood, and a gravel bed to protect 
my eggs from predators. 


| make hollows for my eggs— 
all 8,000 of them—by turning on my side and swishing my tail back 
and forth. | lay my eggs, then my male partner fertilizes them with milt 
(sperm). | sweep gravel over them for protection. 


Orcas (killer whales) chase us, but many manage to escape. If we sense 
sea lions nearby, we swim away—fast! | am scarred and scratched 
where | have narrowly missed being caught and eaten! 


We spend two months traveling, following the ocean currents and 
covering up to 35 miles (56 km) a day. On the way we eat small fish, 
shrimp, and squid to gain weight and become stronger. 


| use my keen sense of smell to find 
my way upriver. At the hydroelectric 
dam, humans have built a special fish 
ladder for all kinds of salmon to leap 
up. Those that miss the ladder die 
from exhaustion as they try to 

find another way over the dam. 


| make it through 

some cloudy water, 
churned up by logging 
and dredging. If the silt 
particles clog my gills, 

| won't be able to take 
in oxygen and will die. 
| narrowly avoid being 
poisoned by agricultural 
and industrial waste 
and crushed by fallen 
logs and rocks. 


My babies hatch under 
the gravel and feed from 
their yolk sac before 
swimming away a few 
months later. 


My one chance to 
reproduce is now over and | die 
a few weeks after spawning. 


IS 
THIS WHAT 
THE UNDERWATER 
WORLD WOULD LOOK 
LIKE IF YOU WERE AS 
SMALL AS A SHRIMP? 
CAN YOU GUESS 
WHAT EACH 
PICTURE SHOWS? 
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ELECTRIC EEL 
The most powerful shock comes 
from the electric eel, which isn’t an eel at 
all. In fact, it’s an 8-ft- (2.5-m-) long fish 
belonging to the group known as knifefish. In its 
snakelike body, which is more tail than head, the 
electric eel has three pairs of electrical organs, like 
sets of batteries. To locate prey, it sends out weak 
electrical signals that help it to sense its 
environment, a bit like radar. This is a great 
help when you live, like this fish does, in 
dark, muddy rivers where visibility is 
poor. To make life even dimmer, the 
electric eel also has really bad 
eyesight that gets worse as it 
ages. Electricity doesn’t 
light up this creature's 
surroundings, but it 
does keep it in touch 
with its world. 


High voltage 


650 VOLTS 


... a whopping discharge hits 
victims with about 3-5 times 
the voltage they’d get from 
a standard electrical outlet. 
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PLFA 


It’s a fish-eat-fish world 


in the ocean. Look at these fishy S 
; © 
pairs and choose which ones are Ss 
g 
— 


friends and which ones are foes. Do 


TAKE A BITE 
Instead of teeth, the 
leatherback turtle has 
backward-pointing spines in 
its throat, which are used to 
puncture a passing jellyfish 


by the other for dinner? before swallowing it. 


these unlikely pairings help each other 


out or does one of them get eaten 


What's for 


ep t ees 
AN } {ie % ‘3 dinner? 
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DEADLY TENTACLES 
The man-o-war fish can happily 
swim among the stinging tentacles 
of the Portuguese man-o-war. , 
In doing so, the fish encourages How about 
other fish to swim near, providing | takeout tonight? 


food for its protector. 


Leave some 
r for me, boys! 
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MOVEABLE SHELL 
A hermit crab is protected by the sea 
anemone hitching a ride on its shell. In 
return, the anemone gets scraps of food from 
the crab and is able to move around. 


You look tasty. 


PACK HUNTERS 
Undeterred by the vast size of a blue 
whale, orca whales will sometimes work 
together to separate a mother from its calf. 
Once successful, the orcas attack the 
helpless calf with great ferocity. 


ALONG FOR THE RIDE 


An imperial shrimp hitches a ride on the 


back of a sea cucumber moving from one 


feeding ground to another. The sea 
cucumber is unharmed but gets no 
benefit from its hitchhiker. 


SIZE MATTERS 
Octopuses often fall prey to a hungry 
shark. However, sharks need to be wary 
of a lurking large octopus, which could 
ensnare a shark with its long tentacles 
and then devour it. 


JAWS OF DEATH 
A Pacific cleaner shrimp swims unharmed 
into the open mouth of a grouper. Why? 
The shrimp eats the parasites, cleaning 
out the grateful grouper’s mouth. 
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Cleaning * 
stations 


ON A CORAL REEF THERE are 
particular spots where fish line up to be 
cleaned by other fish. The “cleaner” fish eat 


skin parasites and diseased and dead skin 


and remove mucus from the client fish. 
Both fish benefit: one gets a good 


meal; the other gets a free 


grooming session! 


y 
uv 


of 


* 
Ft Ww 7 


Personal cleaner 


This shrimp might be a tasty appetizer 

for the moray eel, but it is actually quite 
safe as it services its fierce client. It gives 
the eel’s skin a good going over, cleaning 


ie cleaner signals off any parasites. 
ITis ready to do its job. 


No, those jaws are not about to shut; 
instead this huge grouper allows the 
wrasse to pick bits of stale food out of 
its mouth. Cleaner wrasses have a bright 
“uniform” of black-and-white stripes. 


of free-swimming, 
dark-zone 


Q% 
votes ligt. 


Now you see me, now you don’t 
Some animals, such as squid, have 
: photophores—light-producing organs—on 
6s tee the undersides of their bodies. Squid use 
these to hide from predators looking 
upward to spot silhouettes of fish 
for dinner. By turning on their 
photophores, they illuminate 
their bodies so the 
predator thinks it can 
see sunlight rather 
than a squid. 
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CLOW-=IN-THE-DARK 


Bottled light 

This flask is filled with tiny 
algae that use bioluminescence. 
Most marine organisms produce 
a blueish-green light because it 
travels farther through water 
than other colors. 


IN THE GLOOMY 
DEPTHS of the ocean 

it is easy to hide from your 
enemies, but it is just as easy 
to bump into one. Animals 
that live in these dark waters 
have their own special light 
sources that they can turn 
on and off. ‘The way they 
make this light is called 


BIORU/MUINESCEINGER 


Bioluminescence is a 
chemical reaction that uses 

a compound called luciferin. 
There are probably several 
reasons why these animals 
glow in the dark. In some 
species it may be used for 
communication, in others to 
attract a mate. Some squid 
and crustaceans expel a cloud 
of bioluminescent material to 


repel predators. Light can 
also be used to lure prey. 


Over here! 
Instead of roaming around looking for your 
prey, another solution is to get your prey to 
come to you. Many predatory species, such 
as anglerfish, use a dangling light or a 
glowing spot inside their mouths to attract 
unsuspecting fish. Glowing lights are also 
used to find a mate. The flashes indicate 
whether the fish is male or female and 
whether it is ready for mating. 


Go away! 
Other animals 
use bioluminescence 
to confuse predators. Most comb jellies can 
eject a cloud of bioluminescent particles to 
distract anything trying to eat them. Other 
jellyfish have a row of photophores along 
the edge of their bell that they flash to 
startle predators, or they detach glowing 
tentacles as decoys. 


Sparkling seas 
Sailors have often 
reported the waves 
around their boat 
sparkling as they go 
through the water at 
night. This is caused by 
millions of tiny algae called dinoflagellates 
that make the water look red in the 
daytime, but flash if disturbed. They also 
light up if they sense a predator—the 
flashing alerts a bigger predator who, 
hopefully, will gobble up the one eating 
the algae. 


1,650 ft 


500 m 


am 


3,300 ft 


1,000 m 


® 
6,500 ft 


2,000 m 


“SURV 


Down, forte down in the depths 
of the ocean it is very dark and cold. 
The immense pressure would kill a 
human being. Food is scarce. Tasty 
morsels are few and far between. 
Aside from that, it’s lovely, and 
a surprisingly wide range of 

creatures survive there. a 


The fisherman oS 


This strange-looking creature is an _ 

anglerfish—it catches its prey with a 

rod and bait, like a human angler. The ° 
rod is along spine that projects from e 
the fish's head. On the end is a lump that 
produces a blue-green light that acts as 

the bait. The anglerfish wiggles the light 

about to lure other fish to come close, e 
then snaps them up in its powerful jaws 

and swallows them whole. 


The Empire 
State 
Building in 


New York City 
is 1,472 ft 
(449 m) tall. 
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Invisibility cloak 

This hatchet fish has a row of 
light-producing organs along 
each side of its body that © 
point downward. The lights 
camouflage the fish because, 
from below, they make it invisible 
against the faint light coming 
from the surface above. 


Toothy! 
Big teeth are an advantage in 

the deep, but the ferocious-looking 
fangtooth has taken this to the extreme. 

In relation to its body size, it has the longest 
teeth of any fish. Its bottom fangs are so long 

that they slip into special sockets in the roof s 
of the fish's mouth when the jaw closes. 


SURVIVAL CHECK LIST 


e Lightweight skeleton, jellylike 
tissues, and reduced muscle Fearsome hunter 


e Slow lifestyle The bizarre and hideous 
¢ Large mouth viperfish is mostly head 
Seabed vacuum ray and teeth, with rows of 


e Expandable stomach for big prey 


Deep-sea cucumbers are scavengers ° Long, sharp teeth for eating light-producing organs 


that spend their time vacuuming i along its sides and belly. It is 
up plankton and decaying organic almost anything one of the fiercest predators 
matter from the water. They also * Dull colors for camouflage of the deep, swimming 
scoop up seabed sediment into their e Light for attracting prey toward its victims at high 
mouths with their tube feet. They speed and impaling 

are almost colorless but glow with them on its sharp, 
bioluminescent light. fanglike teeth. 


Who’s the 
DADDY? . 


Some fish may produce 
more than two million 


eges each year. Many are left 
to float around in the ocean, 
and it is pure luck whether 
they survive and hatch or 
become a meal for another 
sea creature. In some cases, 
the parents have fewer eggs 
but take better care of them. 
Perhaps surprisingly, it is 
sometimes the males who 


take on most of this = 


ege-minding responsibility. 
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Dad’s pregnant! 

This pregnant seahorse isn't female but male. Roles are 
reversed in the seahorse world, since it’s the males that 
have pouches. The female lays eggs into the pouch, where 
the male keeps them safe. After 8 to 10 days, the male 
gives birth by squeezing the babies out of a small opening. 
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Home guard 

This stickleback is very 
committed to protecting 
his eggs. Not only does 
he build a cozy nest in which one 
or more females lay the eggs, but 
for two weeks he doesn’t eat as 
he stays nearby chasing away 
any intruders until the eggs hatch. 


A mouthful 
This jawfish appears to be devouring his 
offspring, but he’s no cannibal. He’s what 

is called a mouthbrooder. For safekeeping, 

a male jawfish collects all the eggs laid by 
the female and holds them in his mouth. 

There’s no dinner for him until the fish 
hatch and swim away. 


Wrapped up 

Look closely and you'll see this 
cryptic anglerfish has its eggs 
wrapped up in his tail. The female 
lays eggs onto the male’s tail and 
then he folds over his tail and 
carries them around until they hatch. 
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ONE OF THE MOST 
COMMON injuries 
caused by a sea creature 
happens when someone 


steps on a sea urchin. ti The sea wasp, also known as the box jellyfish, is 
Most incidents result in é . $ arguably the most deadly of all marine creatures. 


mild to severe pain or 4 “4 , ’ P Found in Australian estuaries and coastal waters, 
infection, but symptoms ps Suu it can be as large as a bucket, with tentacles 10 ft 
are much more serious if ae we, , - a (3 m) long. Each one of these shoots a lethal 
: 7 oly + Pe poison into the skin of any creature that touches 

al: yey de "= : it. This poison can cause excruciating pain, 

“ 4, BAe: a8 Os breathing problems, cardiac arrest, and 

We ae Fie ope even death in human beings. 


Fire coral isn’t coral at all—it looks like 
coral, and it’s found on coral reefs, but 
it's actually an animal related to the 
jellyfish. This creature has small, 
almost-invisible tentacles, which 
divers can brush accidentally. 
Within five or 10 minutes, their Most of their victims are 
skin will sting and burn, and an o fishermen, who get bitten 
itchy rash appears. Sometimes, “> . when they try to untangle the 
they feel sick, and notice swelling . >* snakes from large fishing nets. 
in their lymph glands. Once in a The bite is small and relatively 
while, contact can cause a severe painless, so it sometimes goes 
allergic reaction. unnoticed until it’s too late. 


Banded sea snakes 
produce a poison several 
times more powerful 
than cobra venom. 
Active at night, they 
swim close to shore. 


ms There are more than 250 species 

ee ee of ray in our seas, and among these 
d are 10 families of stingray. These all 
Jaa — Za have a spine or barb at the base of 
d ; their tails that contains highly toxic 
‘ ‘oe venom. In 2006, Australian naturalist 
Steve Irwin was killed by a stingray 

barb that pierced his heart. 


The blue-ringed octopus kills by injecting a 
* powerful poison into its victim—this poison can 
kill a human being within 15 minutes. Luckily, 
this creature is not particularly aggressive, and 
it will attack only if it’s provoked or stepped 
on. The blue rings that give this octopus its 
name do not usually stand out, but when it 
gets alarmed, they suddenly become bright 
and iridescent to warn off enemies. 


People do far more harm to sharks than 
sharks do to people. A few species of shark 
have been known to attack swimmers and 
divers. Probably the most famous of these 

is the great white shark, with its terrifying 
row of huge teeth. It usually preys on large 
marine animals, but it can occasionally 
mistake a person for one of these. 


Second biggest of all 

starfish, the crown of thorns 

grows up to 25 in (60 cm) in 
diameter. It has 13-16 arms, each 
one covered in sharp, poisonous 
spines. If you step on one, your foot 
will sting and swell, staying swollen 
for days or even weeks—your lymph 
glands might swell, too, and you 
could experience nausea and vomiting. 


Well camouflaged against the underwater stone 
that inspired its name, the stone fish is highly 
venomous, with sharp spines that can pierce a leather 
shoe. Untreated, its poison not only causes excruciating 
pain that can last for months, but it can also kill living 
tissue, resulting in amputation, and even death. 


To Use water! 


Things 
that sting 


hese jellyfish (and their wobbly look-alike, 
the Portuguese man-o-war) seem too fragile 


to be scary. But their long tentacles can pack a 
poisonous sting. Death by jellyfish is not unheard 
of, although not all jellyfish are dangerous. 
Found in seas around the world, they sometimes 
gather in vast numbers, called “blooms.” 


JUST FRIENDS 


Supersafe 

Not victims, but friends—these small fish have not been 
killed by a deadly jellyfish. Because of a protective mucus 
on their bodies, they can touch the tentacles and remain 
unharmed. A jellyfish provides a good refuge from enemies. 
Who would dare to fish them out from there? 


WARNING e@ 


If you see a sign like this 
one on the beach, it means 
“Watch out, there are 
jellyfish around.” Even 
dead jellyfish washed up 


jellyfish can kill in minutes. On the sands can still sting. 


The venom of the box 


Lion's mane 


With trails of stinging tentacles that can reach more , =f i 
than 100 ft (30 m) in length, the lion’s mane jellyfish is ow Poke j y Tig 
not something to tangle with. If a fish collides with the cot i i) ; 


jellyfish, the tentacles immediately release a paralzing 
poison. The jellyfish then eats its helpless prey. 


Portuguese man-o-war 
This poisonous stinger, closely 
related to the jellyfish, is a 
colony of small marine animals. 
They cluster together under a 
gas-filled bag that carries them 
over the oceans. 


Before discharge 
__—- surface cell 


____ coiled thread 
N stinging cell 


uncoiled 


After discharge thread 


barbs 
/ 


Deadly darts 
Jellyfish and man-o-war tentacles 
(see close-up photo) contain tiny 
stinging cells. When touched, each 
cell fires a poisoned, barbed 
thread, like a mini harpoon, that 
pierces the victim's skin. 


Eyeless Jellyfish don’t have an actual head or eyes, but they do have, Gutless And heartless, boneless, and bloodless! A jellyfish has 
clusters of lightsensing cells scattered around the rim of the “bell.” A iy none of the usual body parts—it seems like little more than a bag of 
jellyfish can tell light from dark and swim toward the light. water. Yet these creatures can strike terror into swimmers and divers. 53 


A parrotfish 


leads a busy 


life, although much 


of its day involves Coral phe “peak” 
proves an effective tool 
to scrape algae, their 

main food, from coral. 


@ By doing this, they 

Wh © S$ eal gardens > Let’s play an important role 
in stopping coral 
reefs from becoming 


[2 retty b Oy ? take a look. choked with greenery. 


grazing on coral 


Parrotfish are LrOpical, 
sand-building fish. ‘They live in 
and around coral reefs in the 
Red Sea, the Indian and Pacific 
oceans, and in waters off the 
Caribbean. They get their name 


from the way their numerous 


ne on el ey’ eA i 
ee 29, > ee 
FORM A ‘TYPE OF “beak” 

that is very similar TO THAT 
ofa PATTOL. Some species 


ae Huge. 
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Waste Bumphead 
parrotfish swallow coral 
rock when they feed. 
This is ground up 

by special teeth and 
excreted, undigested, 
as sand. Such sand has 
helped to create 
Caribbean beaches. 


Night safety 
Some parrotfish species 
wrap themselves in 
special “pajamas” at night 
by secreting a transparent 
envelope of mucus 
around themselves. It’s 
thought that this helps 
to hide the fish. 


== 


Clean up Like 
many other reef fish, 
parrotfish use the services 
of cleaner shrimp to 
remove parasites and 
dead bits of skin from 
their mouths and eyes. 
This helps to prevent 
infection and disease. 


Boy or girl? As 
young parrotfish mature, 
they may change sex. 

If a group’s male dies, 
one of the females is 
likely to change sex (and 
coloring) to become 
male. But it may change 
back if needed. 


Yummy Cooked 
parrotfish is delicious 

to eat and also good 

for you. However, 
overfishing of parrotfish 
can widely disrupt 
the delicate balance 
of species on 

the reef. 


The bumphead 


parrotfish is the largest 
of all PARROTFISH. It will 


usually ignore a diver. 


Prickklh7 
cha ler 


oe PORCUPINE FISH plays a 
sharp trick on predators. When in 
danger, it blows itself up into a 
spiked ball—enough to spoil 


anyone's appetite. 


At rest, 


the slow-moving 


porcupine fish keeps 


If it DOES 


| salen. <a 
get caught unawares, 


its body. Looks like e —_ ... but 
an easy catch... J would-be 
‘ - . 


> predators 


its spines flat against 


the porcupine fish 


will inflate itself in a 


predator’s mouth. 


Ouch! 


need to be 


careful. 


I may look sweet and innocent... 


Backbone 


Getting blown up 


To blow itself up, the porcupine fish doesn’t puff, it pumps. 
This draws water into its stretchy stomach, which expands like a 


balloon within a few seconds. As the tummy fills up, the backbone 
curves. When the danger has passed, the porcupine fish deflates. (0) 


Backbone Stomach Stomach 


Water 
flow 


ee. but don’t make me angry! 57 


A whale couldn’t 
drown, could it? 

It sounds crazy, but it is possible. 
Although sea mammals such as whales 
and dolphins spend all their lives in water, 
they still need to breathe air to gain the oxygen 
they need. Unlike fish, which have gills to take 
in oxygen from the water, mammals have lungs 
like us. Whales and dolphins normally pop 
up to the surface every few minutes for 
good deep breaths. ‘Uhey can stay 
down longer during dives. 


Very a S 
ry {uickhy, mF 
Out at he 


Pe OP o 
Whale suck : 


Just before 
a whale dives, 
flaps close tightly 
over Its blowholes 
to keep out the 
water. 


tt 
Brain control 
Our brains automatically 
control our breathing, even when we 
are asleep. Whales and dolphins need to 
be more aware of controlling their breathing 
by their own efforts. They can’t drop off into 
a deep sleep because their breathing would 
stop. Instead, they take short naps while they 
float, or swim slowly, just below the surface. 
As a whale or dolphin rests, half its brain 
stays awake, to remind it to breathe 
now and then. The other half 


enjoys a little snooze! 


Air 

supply 
Whales such as orcas (below), 
which live in polar regions, risk 
having their air supply cut off when the 
seas freeze over in winter. They have to 
find gaps in the ice where they can come 
up to breathe. ‘The huge bowhead whale 
found in Arctic waters has fewer worries 

than most. With its massive 
skull, it can headbutt holes in 
ice more than 12 in 


(30 cm) thick. 


Freediver Tanya 
Streeter can hold 
her breath for a 


TAKE record-breaking 
A BREATH pa eae 


How long can you hold your breath? 
Perhaps 30 seconds? A champion 
breath-holder among sea mammals is ‘ 
Cuvier’s beaked whale. It can last without 
breathing for an astonishing 
85 minutes, as it dives Za 
down to depths of 
around 6,500 ft 
(2,000 m). 


Phew... back at the surface. 


| could use some air! 


Pale, eel-like, 

and almost blind, the 
HAGFISH has an 
unusual way of defending 
itself, When attacked, 2¢ 
oozes slime, which swells 
into a gel when mixed with ,~ 


Slime from hagfish 


seawater. [his forms a 


cocoon around the fish. 


How much 
slime? 

In just minutes, an 
adult hagfish can secrete 
enough slime to turn a 
large bucket of water 
into gel. ‘The gel has the 


consistency of wallpaper 
paste. This can clog up 
the mouth, eyes, throat, 
or gills of an attacker and 
suffocate it to death. 
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detect dead flesh 


Pee 
> hia e 


y Tibet es 


Mere’ ree, Tl 


Mouth 
without jaws 


Qozing 


PV 

, teensy 6 
Meera 
eee * ees, e +. 
Pe “ 
Meer e 28a, 
Pee 


That's disgusting! 
The hagfish has revolting feeding 
habits: it enters dead or dying sea 
creatures and eats them from the 
inside out. It ties itself into a knot 

Cleaning up to lever itself against the dead 
To clean the slime off, body—by doing so it pulls off 
I tie myself into a knot, chunks of flesh to eat. 

running it down my 

body so that it wipes 

off the slime. 


fe™ Pulling the trigger! 


oo 
3 Compan 


The colorful family of fish known as triggerfish is common 
on coral reefs. Triggerfish have flat bodies and swiveling 
eyes set high on their heads. Their name comes from a 
“trigger” mechanism that controls their defensive spines. 


y Ss Locked spine 
AL The large dorsal 

spine is locked in an 
upright position. 


a paused, ,a smaller sfune 


When the large dorsal. yune 


Mi 14 l Lim f t host Ww 
c tl an uprigh 1, 

4 lif up lo lock t 

(the ‘D “gge ) 


(fiqeee 7 ) : SY the “Maigge’ 
3 the hig yune 


” Us pressed down, poleases 


G figure 2 ») Beth une fold down 


neal y (figure Ji ) ; 


Bolt-hole 

A triggerfish heads for 
a safe crack. The fish's 
slim body slips easily 
into narrow spaces. 


Strong jaws 

The jaws of a 
triggerfish are 
extremely powerful 
for their size. 


Tough covering 
For extra protection, 
triggerfish have very 
tough body scales, 
like armor plating. 


To escape from predators, a triggerfish hides in 
a rock or coral crevice and erects a spiny fin 
on its back. This triggers another spine, 
which springs up to lock the first one in 
position. ‘The spines wedge the fish tightly 
in its hole and nothing can dislodge 
it. When the fish feels safe again, it 
lowers the spines to release itself: 


ee SSS er Sr eer Se S| 


“TERRITORY | 


THE CONE ZONE 
‘Triggerfish fiercely protect 
their nesting territory, which 
covers a cone-shaped zone (see 
picture), with the point of the 
cone starting at the nest. A diver 
who swims upward to escape 
an angry fish stays in the danger 
area, and may get chased. 
Swimming SIDEWAYS is the 
best way out of trouble. 


Huff and puff 
A blue triggerfish 
attacks a spiny sea 
urchin by blowing 
out jets of water 
to bowl it over. 


Confused clown? 
The fantastic clown triggerfish 


can't seem to decide which 
pattern it likes best. 


Crunch! 

A moustache 
triggerfish cracks 
through a thick shell 
to reach the tasty 
treat inside. 


yee Tr made for 


Scuba divers often meet triggerfish 
around the reefs. It’s not the spines 
that divers need to worry about, but 
the TEETH. ‘Triggerfish have 
small mouths but they have 
extremely strong teeth. 
These fish feed on things 
with hard, crunchy shells, 
like sea urchins, clams, 
oysters, and snails. So 
they have no problem 
biting through a wetsuit sf 
if a diver annoys them. 
Some divers have 
come to the surface 
with triggerfish teeth 
marks in their ears, 
fingers, and feet! 


Symehronizec 
Swimming 


STICKINGe LOGE THER 
Most fish love company. Many swim around 
in large groups called schools like these 
chevron barracuda and bigeye jacks 
in-the Pacific Ocean. There’s safety in 
numbers, and more than 200 pairs 
of eyes are better than one when 
it comes to spotting 
a predator. 
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THE HUMPBACK 
WHALE is a huge creature 
that can reach 50 ft (15 m) 
in length, yet it’s an agile 
swimmer. It has a large head 
and an exceptionally long 
jaw in relation to the size 


of its body. 


Ae 


x 


~ee 


Despite this whale’s immense size, 
each of its eyeballs is only about 
the size of an apple. 


= 


Animals at risk— 


Many marine specieS are 
threatened, on a scale from VULNERABLE 
through endangered to EXTINCT. 


NAME: Atlantic cod 
Gadus morhua 
STATUS: vulnerable 


Its popularity as a fish dinner has led 

to the decline of the once plentiful 
Atlantic cod. Several stocks collapsed in 
the 1990s through overfishing and they 
have not recovered. 


NAME: Great white 
shark 
Carcharodon carcharias 


NAME: Marine iguana 
Amblyrhynchus cristatus =, 
STATUS: vulnerable 

The only sea-going lizard, the marine 
iguana lives on the Galapagos Islands, 


where it faces predation by cats and 
dogs brought to the islands by settlers. 


wer 


STATUS: vulnerable 
Despite being the scariest fish in the 
ocean, this widely feared top predator 
is not as invincible as you might think. 
Although it is not hunted for food, 

its fearsome reputation makes it a 
arget for some game fishermen and 
commercial hunters, who capture it for 
its teeth, jaws, and fins. 


NAME: Blue whale P 
Balaenoptera musculus 

STATUS: endangered 

The biggest animal on the planet, 
the blue whale was almost 

hunted to extinction in the first 
half of the 20th century. Since 

the 1960s it has been protected, 
but there are still fewer than an 
estimated 5,000 left. 


NAME: Tucuxi — 


Sotalia fluviatilis 
STATUS: data unknown 


Found in coastal waters and 
estuaries around northern South 
America, these small dolphins are 
at increasing risk from fishing nets, 
tourist boats, and river pollution. 


mossting) Uise’s 


‘The CAUSES include habitat loss. pollution, 
harvesting, and being @aten by introduced species—which 


can all be traced back to PEOPLE. 


NAME: Common seahorse NAME: Coelacanth Eo 

Hippocampus kuda Latimeria chalumnae 

STATUS: vulnerable STATUS: critically endangered 

Less common than its name suggests, Once believed to be extinct, the identification 

this species is suffering from over- of a specimen caught off the Comoros Islands 

collection for the aquarium industry in 1938 led to a hunt for this “living fossil.” 

and use in traditional medicines. Since then, several hundred have been caught. 
Another species has been found living near 
Sulawesi, Indonesia. 


NAME: Sea otter ». 


Enhydra lutris 

STATUS: endangered 

Sea otters are an important keystone species 
in their ecosystem. They eat sea urchins that 
would otherwise devour the kelp forests that 
act as homes and food to other species. 


NAME: Rainbow parrotfish 

Scarus guacamaia 
NAME: Hawksbill turtle & STATUS: vulnerable 
Eretmochelys imbricata Destruction of its mangrove nursery 
STATUS: critically endangered habitat has left this beaked reef-dweller 
Their long lifespan and slow with fewer safe havens for its young. 
reproductive rates make sea Other threats include pollution, 
turtles particularly vulnerable. This overfishing, and coastal development. 
species is hunted for its meat and 
decorative shell. 


Who said that? 


Chirp, chirp. 
Chirp, chirp. 


vy 


70 Pop, pop. 


Fish may not chat over a cup of coffee, but they do 
make noises to communicate. Using a wide variety 
of sounds, they tell each other where to find food, 
warn off strangers, look for a mate, and check 
which creatures are friends and which are foes. 


Some species of 


triggerfish 
make a sound similar 
toa “grunt” ora 
“snarl” when they 
are threatened. 


Male damselfish are highly 


territorial. When they're chasing away intruders 
(or rivals for a mate), they produce “chirping” and 
“popping” sounds. When they're trying to attract 
a female, they just chirp. Females also chirp and 
pop when they feel threatened. Both sexes 
produce these sounds by using special muscles 

to vibrate their swim bladders (an internal pocket 

of air that helps the fish maintain its balance). 


<= The croaker and the 


spotted drum both belong to a 
family of fish known for making 
loud “drumming” noises as a 
sign that they are ready to mate. 
Like the damselfish, these creatures 
produce their characteristic sound 
by vibrating their swim bladders. 


SNARL 


Grunt 


Seahorses and 
pipefish “snap” and “click” 
as part of their courtship 
ritual. These sounds are 
made when the edges of 
two bones on the top of 
the skull rub together. 


“grunt” by rubbing 
two of their back teeth 
together. In this fish, 
the swim bladder acts as a 
resonating chamber, helping 


to make the sound louder. 


we 


Oyster 
toadfish males 


attract females with a 
loud “booming” sound 
(like a boat foghorn), 
again made by vibrating 
the walls of their swim 
bladders. Some people 
compare the noise to 
the sound of a passing 
subway train! 


Gobies 


also make sounds 

during courtship, 

as well as slightly 

pulsing “snore” 

noises when 

intruders approach 
their territory. 


Herring make high-pitched “farting” 
noises by expelling air from their swim 
bladders out their anuses (kind of like using 
the swim bladder as a whoopee cushion). 
Herring are only really noisy after 
dark, so they may produce this 
sound to help them find 
each other when they 
can’t see very well. 


Excuse 
me! 


5 CHANGING 


1 A cuttlefish matches its 2 Now it is beginning to 3 ... and its outline starts to 


background perfectly. change its color... become clearer... 


COLORS 


.. show mood. 


... confuse prey. 


NES: 


+ 


rs | ... and clearer... 5 ... and clearer. The change happens in 


a matter of seconds. 
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deepest smallest Loudest fastest longest biggest deepest 


A blue whale can 


Fastest Biggest Largest dive as far down as 


655 ft (200 m). It raises 
F | S iH JE LLYFISH INVERTEBRATE its tail in the air and then 

uses its powerful back 
Lion’s mane jellyfish Found in the Colossal squid Most squid muscles to propel itself 
chilly waters of the North Atlantic are under 2 ft (60 cm) long, into the depths. 
and North Pacific and around the and giant squid may reach 
coasts of northern Europe, 43 ft (13 m). But an even 
specimens have been bigger species was found 


Cosmopolitan sailfish This measured that were in 2003—colossal squid 

is the world’s fastest fish over nearly 8 ft (2.5 m) (Mesonychoteuthis hamiltoni), 
short distances—it has been across the bell, which may grow to 46 ft 
tested to have a top speed of with tentacles (14 m), making it the largest 
68 mph (110 kph). By contrast, up to 120 ft invertebrate in existence. 

the cheetah's top speed is (37 m) long. 


around 62 mph (100 kph). 


Biggest 
CRUSTACEAN 


Giant spider crab This crab lives 

on the bottom of the Pacific Ocean 
around Japan. Its normal leg span is 
about 8-9 ft (2.5=2.75 m)—the largest 
on record spanned almost 13 ft (4 m) 
and weighed nearly 42 Ib (19 kg). 


loudest deepest 


Most valuable Smallest Most poisonous Deepest 
FISH FISH - FISH DEPTH 


Beluga sturgeon This sturgeon’s Stout infantfish The smallest Maki maki One of the most The Mariana trench, in 
eggs are cleaned, then dried or salted and lightest of marine fish—and —_ poisonous fish in the world, Maki the Pacific Ocean off Japan, 
to turn them into caviar, one of the shortest known vertebrate—lives maki is found in the Red Sea is about 7 miles (11 km) 
world’s most expensive foods. One in Australia’s Great Barrier Reef. and Indian Ocean. It produces a deep. It is the deepest area 


Only six have ever been found. powerful poison in its liver. in all the world’s oceans. 
Males are around ¥% in (7 mm)— 
females are slightly larger. 


female, caught in 1924, yielded 
around 540 |b (245 kg) of 
top-quality caviar—worth 
over $1.5 million today! 


Longest smallest loudest biggest 


Largest Farthest LOUDEST 
MOLLUSK FLIGHT ocean animal 


Giant clam In 1965, an example was found Flying fish These don’t Blue, fin, and bowhead whales 
that measured 56 in (137 cm) across. Another, actually fly; they glide over The low-frequency-communication 
found in 1917, measured 49 in (120 cm) the water on specially enlarged _ pulses emitted by blue whales, fin 
across and weighed 580 Ib (263 kg). and stiffened fins. Depending whales, and bowhead whales have 
on wind and sea conditions, been measured at 186-189 decibels, 
some can glide for over 660 ft making them the loudest known 


(200 m), reaching heights sounds emitted by any living creature. 
of up to 33 ft (10 m). In contrast, a jumbo jet taking off 
“ measures 120 decibels. 


LONGEST 


worm 


Bootlace worm This is the longest 
sea worm, and probably the longest 
of all worms. It lives in the shallow 
waters of the North Sea, One 


@ 
lggest CREATURE ern 
measured over 180 ft (55 m) long. 


Blue whale Not only the biggest creature in the sea, this is also the 
biggest living animal in the world. In 1926, a blue whale measuring 
110 ft (33.6 m) long (as large as a jet plane) was captured in the 
Shetland Islands, off Scotland. Its heart was the size of a small car, 
and its tongue had a big enough area for 50 people to stand on. 


smallest Loudest deepest fastest 
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Going with the flow 
& The name plankton comes from the 
| @ V Greek word for “drifter.” And that's 
exactly what plankton does—travel 


on the oceans’ currents. 


4. Sea cucumber larva 2. Radiolarian 3. Snail larva 4. Fish eggs 5. Jellyfish 6. Shrimp larva 7. Copepod 


Phytoplank;, ra 
& 


Phytoplankton are minute 

plants that live near the ocean's 

surface. Sunlight is essential for 
photosynthesis, which provides 


the plant with energy. They also take 
nutrients out of the water to help 

them grow. The main types are diatoms, 
dinoflagellates, and blue-green algae. 


If chalk could talk 

It's hard to imagine, but these tall cliffs 

are made from the bodies of dead plankton. 
Limestone and chalk are rocks made from 
the tiny skeletons of plants and animals. 
When they die, the skeletons sink to the 
seafloor. Millions of years and trillions of 
tons of dead plankton later, you have a cliff. 


Phytoplankton 
Zooplankton 


© os 
ria 


Chain gang 


ZOOplan kton 


Zooplankton are tiny 
animals. They range in 
size from jellyfish down 
to microscopic forms that are just 
one cell. Zooplankton can be split 
into two groups. Holoplankton 
spend their whole lives as 
zooplankton and include krill © 
and copepods. Meroplankton = 
consist of the eggs and larvae = 
of fish, crustaceans, and other marine 
animals that will eventually grow into free- 
swimming or bottom-dwelling organisms. 


Ca 


Bloomin’ amazing 

When there are lots of nutrients in the 

water the number of phytoplankton can increase 
dramatically. These algal blooms, as they are called, 
can even be seen from space. This one happened 
off the west coast of Ireland. The pale blue area in 
the middle of the picture is the bloom. 


Herring 


Bacterioplankton 


These microscopic 
organisms play 
an important part 
in the breakdown 
of organic material 
and the recycling 


of minerals. 


Sea lion 


Plankton are the start of the marine food chain. Phytoplankton 
and bacterioplankton take nutrients from the water so they can 
grow. Both are eaten by zooplankton, which become food for 


small fish and squid. These are then eaten by bigger 
and bigger animals all the way up to killer whales and 
great white sharks. 
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Abyssal zone the area of the 
ocean that reaches depths of 


13,000-20,000 ft (4,000-6,000 m). 


Algae simple plants that include 
seaweeds and phytoplankton. 


Amino acids chemical 


compounds that are used to 
make proteins. 


Anadromous fish marine-living 
fish that return to their freshwater 
birthplace to spawn. 


Baleen the tough, flexible, 
comblike plates that some whales 
use to filter plankton out of water. 
Also known as whalebone. 


Barb a backward-facing point 

on a spine or stinger that lodges 
into flesh, preventing it from being 
pulled back out. Also the name of 
a family of fish. 


Bioluminescence a chemical 
reaction by which an animal 
produces light. 


Camouflage patterns or colors 
that help an animal blend in with its 
background and hide from enemies. 


Cartilage a tough and flexible 
structural material that forms a 
shark’s skeleton. 


Cnidarian a member of 

a group of animals that have 
stinging cells called nematocysts. 
Jellyfish and corals are cnidarians. 


Crustacean animal that has 

a jointed, segmented body and 
a hard shell. Crabs, shrimp, and 
lobsters are crustaceans. 


Digestive system the parts 
of the body that break down 
food so that it can be absorbed. 


Echinoderm a group of animals 
that have tube feet, a five-rayed 
symmetry, and no head. Starfish 
and sea urchins are echinoderms. 


Estuary the area where a river 
meets the ocean. 
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Exoskeleton the outer skeleton 
of a crustacean. 


Extinction the point at which 
the last animal or plant of a 
species ceases to exist in the wild. 


Gills the delicate feathery 
structures through which animals 
breathe under water. Gills absorb 
oxygen from the water and release 
waste carbon dioxide back into it. 


Hadal zone an area of extremely 
deep water that lies below the 
abyssal zone, usually where the 
seabed drops to form a trench. 


Invertebrate an animal without 
a backbone. All crustaceans are 
invertebrates, as are marine 
worms, snails, sea slugs, corals, 
starfish, and sea cucumbers. 


Iridescence an optical effect 
in which something appears to 
change color when viewed from 
a different angle. Fish scales 
often display iridescent colors. 


Krill a tiny, shrimplike animal 
found in all oceans. They are a 
major source of food for many 
animals, including blue whales. 


Mammal an animal that has 
hair or fur and feeds its young 

on milk. Seals and dolphins are 
mammals. 


Mollusk a member of a group 
of soft-bodied animals that are 
either shell-less or have only a 
thin shell. Octopuses, snails, 
clams, and squid are all types 
of mollusk. 


Nutrients the essential chemicals 
that an organism feeds on. 


Parasite a small organism 
that lives on or inside the body 
of a bigger organism, feeding 
on it at the host’s expense. 


Pelagic zone any area of open 
ocean that is not close to the 
seabed. Creatures that swim in 
it are described as pelagic. 


Photophores the light-producing 
organs found on many deep- 

water animals that make them 
bioluminescent. 


Photosynthesis the process by 
which plants and algae use sunlight 
to make food. 


Pigment this is a chemical 
compound that gives something 
its color. 


Plankton microscopic plants 
and animals that drift in the 
water, providing a supply of 
food for other animals. Divided 
into phytoplankton (plants) and 
zooplankton (animals). 


Predator an animal that kills 
and eats other animals. 


Prey an animal that is killed 
and eaten by a predator is 
called prey. 


Rorqual the name given to the 
largest group of baleen whales, 


which includes the blue, humpback, 


and Minke whales. 


Spawning the production or 
deposition of large amounts of 
eggs into water so that they can 
be fertilized with sperm and 
develop into young animals. 


Species a type 
of organism. The 
members of a 
species can breed 
with each other 
to produce fertile 
offspring. 


Giant Pacific octopus 


(Enteroctopus dofleini) 
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Sperm the male reproductive 
cells that fertilize a female’s eggs 
to create new animals. 


Submersible a small underwater 
exploratory craft. 


Swim bladder the organ in bony 
fish that helps them stay at the 
same position in the water without 
needing to use their fins. 


Tentacles long, flexible structures 
found around the mouth of many 
creatures. They are used for 
sensing, grasping, or feeding. 


Territory the area in which 
an animal lives and hunts and 
which it will defend against 
intruders. 


Venom a poisonous substance 
in an animal’s bite or sting. 


Vertebrate an animal that has 
a backbone. Fish, whales, and 
seals are all vertebrates. 


Caribbean reef shark 
(Carcharhinus perezt) 


Scuba diver 
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This is no ordinary book. 
THIS IS EVERYTHING YOU NEED 
TO KNOW ABOUT all kinds of swimming 


creatures, from fearsome 


sharks and enormous whales 


to glow-in-the-dark squid 
and stinging jellyfish. 


It is packed with AMAZING STORIES 

about how these creatures dive, 

wriggle, squirt, and snap their way 

through the water, all backed up 

with essential facts on anatomy, 
life cycle, and behavior. 
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